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Abstract. Carotenoids are natural pigments, produced by higher plants, some bacteria and algae with 
important antioxidant properties. Carotenoid xanthophylls are found in higher plants in esterified form. The fatty 
acids, which esterified the carotenoids are mainly saturated fatty acids, but in some plants unsaturated fatty acids can 
also be present in low amounts. The highest carotenol esters content is usually associated with senescence and fruit 
ripening. Lipase from Candida rugosa is a universal lipolytic biocatalyst and cleaves carotenoid esters with high 
yields. In this study we used lipases from Candida rugosa and from porcine pancreas to hydrolyze the lutein esters 
extracted from marigold flowers. HPLC-PDA was used for separation and quantification of carotenoid esters and for 
monitoring the ester hydrolysis. 
 
INTRODUCTION 
 
Carotenoids furnish flowers and fruits with distinct colors ranging from yellow to red and 
are essential components for photosynthesis [Niyogi K, 2000].  
Carotenoids also play an important role in human nutrition and health, participating in pro-
vitamin A and anti-cancer activities [Fraser and Bramley, 2004]. 
Zeaxanthin and lutein are the only dietary carotenoids present in the macular region of the 
retina and the lens [Landrum and Bone, 2001; Bernstein et al., 2001].  
Some epidemiologic studies showed that the risks of age-related macular degeneration and 
cataracts are inversely correlated with dietary intake and the concentrations of these xanthophylls 
in the serum and macula [Chasan-Taber et al., 1999].  
Marigold (Tagetes erecta L.) is a native plant from Mexico and has been used in traditional 
Mexican medicine [Neher, 1968] and in colouring poultry skin and eggs [Hencken, 1992]. 
They are known some rich sources of carotenoid esters such as Tagetes patula and erecta 
petals, which contain lutein esters [Breithaupt et al., 2002; Hadden et al., 1999]. Increasing of 
carotenol esters content is, in generally, associated with senescence in green plants and with fruits 
ripening [Minguez-Mosquera et al., 1994].  
Lutein esters, obtained from marigold flowers, were intense investigated [Subagio and 
Morita, 2001; Picaglia et al., 1998], mainly for their utilisation as nutritive suplements in poultry 
feeding for increasing the egg yolk pigmentation [Tyczkowski and Hamilton, 1987].  
It has been demonstrated that esterification process does not decrease the bioavailability of 
lutein into humans [Bowen şi alŃii, 2002] and doesn’t influence the antioxidant properties of 
lutein [Subagio şi Morita, 2003]. 
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MATERIAL AND METHODS 
 
The marigold flowers, Tagetes erecta L., were collected from didactic collection of 
Horticultural Faculty from our University.  
Total carotenoids were extracted from 5 g of Tagetes erecta L. dried sepals with mixture of 
methanol/ethyl acetate/petroleum ether (1:1:1, v/v/v) containing BHT as antioxidant, following 
the procedure described by Breithaupt and Schwack (2000).  
The carotenoids content was estimated spectrophotometrically, at 450 nm using a 
Shimadzu UV-2102 PC Scanning Spectrophotometer. A part of oleoresin obtained was dissolved 
in diethyl ether and saponified with 30 % methanolic KOH, at room temperature, in dark. For the 
removal of soaps and alkalies, the solution was washed many times with a sodium chloride 
saturated solution and distilled water.  
The organic layer containing carotenoids was dried over anhydrous sodium sulphate and 
evaporated to dryness. The samples were kept under nitrogen, at – 20º C until further utilization. 
HPLC-DAD of all samples was performed on a system with Waters 990 PDA detector, 
Kontron pumps and controller, and a reversed phase C 18 column Zorbax ODS (250 x 4.6 mm), 5 
µm.  
The mobile phase consisted of mixtures of acetonitrile: water (9:1, v/v) with 0.25 % 
triethylamine (A) and ethyl acetate with 0.25 % triethylamine (B). The gradient started with 20 % 
B to 50% B at 3 min. The percent of B increased to 75 % at 12 min and continued isocratically up 
to 60 minutes.  
The flow rate was 1 ml/min. The chromatograms were monitored at 450 nm. The 
chromatogram of unsaponified extract of marigold is presented below.  
For lutein esters separation, a part of the oleoresin obtained and separated from column 
chromatography and elution of lutein esters was made with 5% dietyl ether in ethanol.  
The lutein esters fraction was analyzed chromatography (HPLC) and another part was 
hydrolyzed with Candida rugosa and porcine lipases for 24 hours and 48 hours. 
All the samples were injected and the lutein esters content was calculated using the 
calibration curve for lutein. 
 
RESULTS AND DISCUSSIONS 
 
The unsaponified extract of carotenoids from marigold flowers, the lutein esters fraction 
before and after hydrolysis with lipase from Candida rugosa and porcine lipases were injected 
into HPLC. 
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Fig. 1 The chromatogram of unsaponified carotenoids extract from marigold flowers 
 
 
 
 
 
Fig. 2 The chromatogram of lutein esters separated on column chromatography from marigold flowers  
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The chromatogram of lutein esters after hydrolysis is presented bellow. 
 
 
 
Fig. 3 The chromatogram of lutein esters hydrolyzed with Candida rugosa for 48 hours 
 
 The lutein is present in marigold flowers in proportion of 90% in esterified form. 
Enzymatic hydrolysis with lipase from Candida rugosa and porcine lipase for 24 hours did not 
show any modification in the chromatogram profile.  
 Enzymatic hydrolysis with lipase from Candida rugosa for 48 hours showed a yield of 
hydrolysis up to 14 %; hydrolysis with porcine lipases was less efficient, from calculation result a 
yield around 5%. 
 Lutein esters are major carotenoid compounds from marigold flowers, the enzyme 
concentration used was not enough to hydrolyze the esters with higher yields. 
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